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57 ABSTRACT 
A circuit arrangement for forming a succession of 
group signals in the ranging art from received signals 
originating from an array of adjacent signal receiving 
transducers, each successive group signal being associ 
ated with a respective group characteristic and being 
based on the signals received by a respective group of 
adjacent transducers forming part of the array. The 
succession of group signals is processed to form a repre 
sentation of the mean, or average, value of a predeter 
mined number of successive group signals, and a repre 
sentation of the ratio of the value of one of the group 
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1. 

CRCUT ARRANGEMENT FOR THE 
FORMATION AND PROCESSING OF GROUP 

SIGNALS 

BACKGROUND OF THE INVENTION 

The present invention relates to a circuit arrangement 
for the formation of group signals following each other 
in time for use in direction finding systems, particularly 
involving sound wave propagation in water. 

Circuit arrangements of the type under consideration, 
one example of which is disclosed in U.S. Pat. No. 
3,810,082, can include a receiving system having a cir 
cular array of receiving transducers. A selected group 
of the transducers, which is located on the arc of the 
circle defining the locus of the array, is used for forming 
a group characteristic. 
The received signals of the transducers of one group 

each are delayed for the formation of a group signal as 
though the transducers were not arranged on the arc 
but on the corresponding chord. This chord is located 
normally to the direction of the group characteristic 
associated with this transducer group. The received 
signals of these transducers of a group, which are cor 
rectly delayed in time, form, when summed up, the 
group signal belonging to this group characteristic. 

In accordance with the above-cited patent, all trans 
ducers of the receiving system are interrogated for this 
compensation in an adjacent sequence in a repeated 
manner with clock pulses and their momentary signals 
received are read into a memory at the same rate 
through a read-in point and they are shifted in the mem 
ory in the course of the interrogation continuously fur 
ther away from the read-in point. Selected memory 
locations are read-out to an adder whose output pres 
ents group signals which appear successively in the 
same rhythm as the interrogation whereby a direction, 
or an angle, is to be assigned to each group signal. 

Different circuit arrangements are known for the 
evaluation of such group signals in the technology for 
sound wave propagation in water for the purpose of 
processing, particularly for the removal of noise, which 
use multiplicative methods. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
novel circuit arrangement which is especially advanta 
geous for the processing of the group signals formed 
according to the above-cited patent since it organically. 
follows the typical formation of the group signals, i.e. 
by continuous shifting between memory locations. 

It is already known to evaluate in time, and in paral 
lel, group signals following each other successively in 
time by feeding the group signals for each group char 
acteristic into one processing channel each. The number 
of processing channels is then equal to the number of 
group characteristics. Furthermore, it is known to free 
group signals of a group characteristic from their noise 
portions by multiplication and subsequent integration. 
Since one processing channel with multiplicator and 
subsequent integrator must be provided per group char 
acteristic for this processing of the group signals, the 
circuit technology is very complex. 
A further object of the invention is to provide a cir 

cuit arrangement for the processing of the group signals 
following each other in time which handles the group 
signals in time series and consists of only one processing 
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2 
channel in spite of the multitude of different group 
characteristics. 
The above and other objects are achieved, according 

to the invention, in a circuit arrangement for forming a 
succession of group signals in the ranging art for a mo 
mentarily effective characteristic of a group of adjacent 
group characteristics obtained from received signals 
originating from a number n of adjacently aligned trans 
ducers from a larger plurality of m transducers in a 
signal receiving system, the group signals being formed 
by varied, quantized time delays determined by the 
geometric arrangement of the plurality of m transducers 
in the signal receiving system and by the propagation 
speed of impinging signals in the transmission medium, 
the circuit arrangement including: 

an input circuit coupled to the plurality of m trans 
ducers for the repeated, consecutive interrogation of 
each individual transducer in succession to derive cor 
respondingly successive received signal values, the 
input circuit having a single output for providing repre 
sentations of the received signal values in the order in 
which they are derived; 
a memory circuit having one read-in point coupled to 

the single output of the input circuit, the memory cir 
cuit being provided with a plurality of memory loca 
tions which are sequentially removed from the read-in 
point and each of which is capable of storing one re 
ceived signal value representation, the number of mem 
ory locations being at least determined by the maximum 
time delay which must be imparted to the first interro 
gated received signal value, for storing each signal 
value representation appearing at the output of the 
input circuit in succession so that each such representa 
tion, after read-in to the memory circuit, consecutively 
occupies in steps the memory locations which are fur, 
ther removed from the read-in point; 
an output circuit coupled to the memory circuit for 

the non-destructive read-out of stored representations 
of interrogated signal values which were received from 
a number n of adjacent transducers, from those of the 
memory locations which correspond to required time 
delays with respect to the read-in point; and 
an adding circuit coupled to the output circuit and 

responsive to signals therefrom, and having an output at 
which appears successive group signals for a corre 
sponding succession of adjacent group characteristics, 
by the further provision of: 
an integrating circuit connected to the output of the 

adding circuit for forming a representation of the mean 
value of a predetermined number of successive group 
signals; 

a time delay member connected to the output of the 
adding circuit for delaying each group signal appearing 
at the adding circuit means output by a selected time. 
which is no greater than the time interval over which 
the predetermined number of successive group signals 
appear at the adding circuit means output; and 
a ratio forming member having inputs connected to 

receive each representation formed by the integrating 
circuit and each delayed signal from the time delay 
member and having an output at which appears a repre 
sentation of the signal to noise ratio of each successive 
group signal appearing at the output of the adding cir 
cuit. 
With a circular arrangement of the transducers, 

group signals for group characteristics located next to 
each other whose directions enclose an angle deter 
mined by the distance between the transducers appear 
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successively at the output of the adder in accordance 
with clock pulses having a clock frequency at which the 
received signals of the transducers are interrogated. 
Each group signal provides a momentary value in time 
of the wave energy received for the group characteris 
tic. An evaluation of the group signals for a group char 
acteristic is achieved with the circuit arrangement ac 
cording to the invention by the fact that the noise back 
ground is determined within an angular sector in which 
the group characteristic is located and is put into rela 
tion to the group signal for this group characteristic. 
This relation indicates the signal to noise ratio of the 
group signal. 

Since the directions of the group characteristics are 
always offset from one another by the same angles, a 
predetermined number of group characteristics corre 
sponds to an angular sector in which an angle is as 
signed to each group signal of this number within the 
angular sector. The group signals which appear succes 
sively in time at the output of the adder are, therefore, 
each a function of the associated angle from the mathe 
matical point of view. These group signals are inte 
grated over the angle in the integrating circuit whereby 
the number of the group characteristics through which 
the mean value formation is effected indicates the size of 
the angular sector. 
The integrating circuit stores successively the group 

signals for the mean value formation, adds up the group 
signals for the given number of adjacent group charac 
teristics and divides by this number. The result is the 
arithmetic mean value of the group signals. When no 
target noise is received in the angular sector, the mean 
value of the group signals directly represents the noise 
background. 
When a target signal is received within the angular 

sector of a group characteristic, the pertinent group 
signal is considerably larger than the group signals of 
the adjacent group characteristics. However, with the 
arithmetic mean value formation, all values of the group 
signals are added and divided by the number of values 
so that also the target noise within the sum of the values 
is divided by the number and, thus, does not supply a 
considerably large portion to the entire mean value 
formation. 
A group characteristic is selected within the angular 

sector for the formation of the ratio. The storage time of 
the delay element is selected as a function of its angular 
position within the angular sector. That time is to be 
selected as a maximum storage time within which all 
group characteristics in the relevant angular sector are 
interrogated. In the ratio forming unit, the group signal 
of a group characteristic located in the angular sector is 
placed into relation with the noise background in the 
angular sector. It is particularly expedient to compare 
the group signal of the group characteristic located in 
the center of the angular sector with the noise back 
ground in the angular sector. For this purpose, the stor 
age time of the delay element is made equal to half the 
maximum storage time. Also a storage time of zero is 
admissible. Then, the group signal for the group charac 
teristic at the rear limit of the angular sector which 
appears at the output of the adder is placed into a rela 
tion with the mean value of the group signals of all 
group characteristics within the angular sector. A stor 
age time equal to the maximum storage time leads to 
comparison of the group signal at the front limit of the 
angular sector. 
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4. 
According to an advantageous further development 

of the invention, the integrating circuit may consist of a 
storage arrangement which receives successively the 
values of the group signals from the adder. The values 
of a predetermined number of the group signals can be 
stored in the storage arrangement so that always the 
oldest stored value is replaced by the momentary value 
at the output of the adder. The storage arrangement is 
followed by a calculating circuit for the formation of 
the sum of all stored values and for the division by the 
predetermined number. The delay element is con 
trolled, in this case, by the same clock frequency with 
which the values of the group signals appear at the exit 
of the adder. Its storage time is adjustable by the clock 
frequency and by selection of the number of memory 
locations located one behind the other. For the purpose 
of delay, each signal value passes through the selected 
number of memory locations. 
With the reading of each new group signal into the 

integrating circuit, the angular sector over which the 
noise background is determined is pivoted by the angle 
between two adjacent group characteristics and a new 
mean value is formed. At the same time, the delayed 
group signal appearing at the output of the delay ele 

5 ment is for a group characteristic whose direction if 
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pivoted by the same angle relative to the previously 
considered group characteristic. 
The position of the angular sector is stationary rela 

tive to each considered group characteristic. Relative to 
the circular arrangement of the transducers, the angular 
sector turns together with the direction of the momen 
tary group characteristic so that the entire circle about 
which targets are to be intercepted is covered by the 
angular sector and all group signals appear processed in 
a successive manner at the output of the ratio forming 
unit. 
The special advantage of this circuit arrangement lies 

in the fact that the group signals, as they are supplied by 
the adder, are immediately processed in the same 
rhythm. 

It is particularly expedient to build up the memory 
circuit with the predetermined number of memory loca 
tions connected one behind the other and controlled by 
the clock frequency. In this way, the entire stored con 
tent advances by one memory location with the storing 
of each new value whereby the value which has already 
passed through all locations is read out. All memory 
locations are connected with the calculating stage 
which puts out a new mean value to the ratio forming 
unit with each clock pulse. 
With such a structure of the memory circuit, it is 

advantageous to utilize the memory locations placed 
behind each other, at the same time, as a delay element. 
The storage time which is equal to the number of mem 
ory locations divided by the clock frequency is selected 
in accordance with the desired position of each group 
characteristic in its associated angular sector. 
The observation of a selected angular sector is of 

special interest for certain tasks in direction finding 
technology, for example, for the tracking of a target. 
For this application, a circuit arrangement according to 
an advantageous further development of the invention 
has the integrating circuit and the delay element con 
trolled through gates under control of a counter. The 
counter is acted upon by the clock pulses with which 
the received signals are read into the memory. The 
integrating circuit consists here of a memory circuit for 
the values of the group signals as well as a subsequent 
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summing and dividing circuit for the formation of the 
sum of the values and division by, the predetermined 
number. It is controlled by the clock pulses. The delay 
element is a memory stage for the same number of val 
ues of the group signals. 
At a first counter output state, or count, the gates are 

opened, or enabled, for the storing of the values of the 
group signals and, after the counting of the predeter 
mined number of clock pulses, when a second counter, 
output state, or count, has been reached, the gates are 
closed again. Because of this measure, only group sig 
nals for group characteristics in predetermined angular 
sector are evaluated. The first counter output state cor 
responds to the forward limit of the angular sector 
within which the group characteristics to be evaluated 
are located. The second counter output state is then 
reached when all group signals of the group characteris 
tic of the angular sector are stored. 

Subsequently, the mean value is formed in the inte 
grating circuit from the stored values. The stored values 
of the group signals are now read out successively from 
the delay element and delivered to the ratio forming 
unit which always forms a representation of the signal 
to noise ratio for the group signals of the group charac 
teristics in the angular sector. 

It is particularly advantageous to build up the mem 
ory circuit of the integrating circuit and the memory 
stage of the delay element as a joint shifting memory 
whose capacity is designed for the storage of the prede 
termined number of values. This shifting storage is con 
trolled by the clock pulses. 
According to an advantageous further development 

of the invention, the ratio forming unit is implemented 
by two logarithm function stages followed by a differ 
ence forming unit. The logarithm of the signal to noise 
ratio of the group signals appears always at its output. 
This output signal thus has a dynamic compression 
which is particularly advantageous for a display on the 
screen of a cathode ray tube, which has limited intensity 
dynamics. 
The noise background which is determined within 

the angular sector can be obtained not only by means of 
an arithmetic mean value formation but also by many of 
a geometric mean value formation using a simplification 
of the circuit arrangement according to the invention. 
With the geometric mean value formation, the values of 
the group signals of the group characteristics located 
within the angular sector are multiplied and the root is 
extracted in accordance with the number of the consid 
ered group characteristics. For this purpose, the group 
signals are connected to the integrating circuit and the 
delay element through a logarithm function amplifier. 
In this instance, the ratio forming unit is expediently 
designed as a difference stage. 
A very good bundling of the group characteristics is 

obtained with the circuit arrangement for the formation 
of group signals following each other successively in 
time according to the above-cited U.S. patent so that 
the removal of noise is already guaranteed by this mea 
S. 

By means of the invention, each group signal is re 
lated to the noise background of an azimuthal neighbor 
ing area whose size can be given in advance using only 
a little additional circuitry. The output signal of the 
circuit arrangement according to the invention indi 
cates directly the signal to noise ratio for each group 
signal. A special advantage of the invention consists of 
the fact that the assessment of the received wave energy 
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6 
is especially simple on the basis of the signal to noise 
ratio. A sequence of output signals which has a maxi 
mum shows which of the group characteristics points 
toward a target so that a further evaluation of the group 
signal with the highest signal to noise ratio can be per 
formed, for example, for target tracking. 
With a threshold which can be selected dependent on 

the desired false alarm rate, group signals with a low 
signal to noise ratio can be easily recognized indepen 
dently of the absolute value of the received wave en 
ergy and can be separated for additional signal process 
Ing. 

Since a larger number of group characteristics is used 
for the integration over the angle which covers a larger 
angular sector than the azimuthal extension of a target, 
the noise background can be easily determined with a 
simple mean value formation. It is, furthermore, advan 
tageous that the size of the angular sector can be se 
lected in advance in the integrating circuit by the num 
ber of the group characteristics as the integration inter 
val and that the position of the group characteristic can 
be selected in relation to the angular sector by the stor 
age time of the delay element. Also after the entire 
direction finding system is put into operation, the inte 
gration interval and storage time are easily varied, in 
dependence on changing environmental conditions, 
both parameters can be varied, for example, by varying 
a frequency derived from the clock pulse frequency for 
the formation of the group signals. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block circuit diagram of one preferred 
embodiment of a circuit arrangement according to the 
invention for the formation of group signals following 
each other in time. 

FIG. 2 diagrammatically illustrates part of a circular 
receiver arrangement. 
FIGS. 3-5 are block circuit diagrams of three further 

embodiments of processing circuits according to the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

For the formation of group signals 9i (i=1,2,...,m) 
at the output of an adder 8 in the circuit of FIG. 1, 
transducers Wi (i=1,2,..., m) of a receiving system 
are successively and repeatedly interrogated at the rate 
f of clock pulses from a clock pulse generator 5, by 
means of an input switching circuit 4. The successively 
interrogated signals are read into a memory circuit 6 via 
a single read-in point 6e in the sequence of their interro 
gation. Within the memory circuit 6, which consists of 
a plurality of series connected memory locations, and 
each read-in signal moves by one memory location 
away from the read-in point 6e in a step-by-step manner 
in response to each clock pulse produced by clock gen 
erator 5. The delayed received signals are read out of 
the memory circuit 6 by means of an output circuit 7 
and supplied to the adder 8. All of the components 
described above and their operation can be the same as 
those of similarly numbered components in the above 
cited U.S. Pat. No. 3,810,082. 
Each of the group signals 9i is associated with a re 

spective one of a plurality of group characteristics adja 
cent to each other. Always after a cycle period T, 
which equals the number of transducers m divided by 
the clock frequency, f, i.e. after an interrogation cycle 
for all m transducers Wi, group signals 9i appear at the 
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output of the adder 8 which belong to the very same 
group characteristic. Subsequently, after a step time T 
which is equal to the reciprocal value of the clock fre 
quency, f, a group signal 9(i+1) for the next adjacent 
group characteristic in the direction of interrogation of 
the transducers Wi. Synchronously with the scanning of 
all m transducers Wi, the different group signals 9i for 
the m group characteristics are to be taken off at the 
output of the adder 8 for processing and evaluating, as 
described in the above-cited patent. 
The adder 8 is followed by a processing circuit ar 

rangement 30 for the processing of the group signals 9i 
before an additional evaluation. It consists of an inte 
grating circuit 10, a delay element 11 and a subsequent 
ratio forming unit 12. The signal-to-noise ratio of the 
group signals 9i appears at the output of the ratio form 
ing unit 12 in the rhythm of the clock frequency f. 
The integrating circuit 10 for the determination of the 

mean value of the group signals consists of a memory 
circuit 101 and a subsequent calculating stage 102 and is 
controlled by the output of clock generator 5. The 
successive group signals 9i are read into the memory 
circuit 101 in the rhythm of the clock frequency f. The 
memory circuit 101 is designed in such a manner that it 
can just accommodate a predetermined number A of 
group signals 9i. The A signal values stored in the mem 
ory circuit 101 are summed in the calculating stage 102 
and divided by the number A. The mean value of the 
values of the A group signals 9i appears at the output of 
the calculation stage 102 which forms the output of the 
integrating circuit 10. 
The delay element 11 is a memory circuit which has 

a plurality of memory locations 111 connected in series 
and is controlled by the clock frequency f. The delay 
or storage time, respectively, of the delay element 11 is 
determined by the selected number of memory loca 
tions 111 divided by the clock frequency f. 

Preferably, a storage time is selected which is equal to 
A/2 ft, i.e. the number of locations 111 is equal to A/2. 
The delayed group signal 9i for the group characteristic 
to be evaluated appears at the output of the delay ele 
ment 11 after it has passed through all of the memory 
locations 111 in the rhythm of the clock frequency f. 
FIG. 2 shows part of a circular transducer arrange 

ment formed of transducers W1, W2,..., Wm. Group 
signals 9i are formed for the group characteristics with 
the directions R1, R2, ..., Rim from the received sig 
nals. The directions R1 and R2 or R2 and R3, . . . , of 
two adjacent group characteristics form each an angle 
a. The directions R1 to R6 are in an angular sector y1 
with a magnitude of 6. The directions R2 to R7 are 
located within an equally large angular sectory2 which 
is shifted by the angle a from the first angular sectory1. 

In the processing circuit arrangement 30, the mean 
value is formed from a predetermined number A of 
group signals 9i, for example, from A = 6 group signals 
9i, in order to determine the noise background within an 
angular sector yi (i=1,2,..., m). These six group sig 
nals belong to six group characteristics, for example, 
those having the directions R1 to R6. The six group 
signals 9i appear in succession at the output of the adder 
8 and are read into the memory 101 of integrating cir 
cuit 10 at the clock frequency f. In the integrating 
circuit 10, these six group signals 9i are added and di 
vided by six so that wave energy which was received 
within the angular sector y is used for the determina 
tion of the noise background. At the same time, the six 
group signals 9i pass through the delay element 11. If 
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8 
the group signal 9i for the group characteristic which is 
located in the center of the first angular sector y1 and 
points in the direction R4 is to be placed in relation to 
the noise background in the angular sector y1, the stor 
age time of the delay element amounts to 6/2 f. While 
the group signal 96 for the group characteristic with the 
direction R6 is being read in to the delay element 11 and 
the integrating circuit 10, the group signal 94 for the 
group characteristic with the direction R4 appears with 
this selected storage time at the output of the delay 
element 11 and is placed into relation to the mean value 
in the ratio forming unit 12. This mean value appears 
then at the output of the integrating circuit 10. 
With the next clock pulse, the group signal 91 for the 

group characteristic which points in the direction R1 is 
read out of the integrating circuit 10, and the group 
signal 97 for the group characteristic with the direction 
R7 is read in. Now, the mean value formation is effected 
on the basis of six group signals 9i for the group charac 
teristics with the directions R2 to R7. Thus, the noise 
background in the angular sectory2, which is shown by 
a ohain line in FIG. 2, is determined. At the same time, 
the group signal 95 for the group characteristic with the 
direction R5 appears at the output of the delay element 
11 and it is placed into relation to the noise background 
in the angular sectory2. This group signal 95 is located 
approximately in the center of the angular sector y2. 
With the next clock pulse, the next angular sector 
which is offset by the angle a from the angular sector 
12 and the group signal 96 for the group characteristic 
with the direction R6 are considered in order to deter 
mine the signal-to-noise ratio. 
The group characteristic of the evaluated group sig 

nal 9i is located in the center of the angular sector yi 
with a correspondingly selected storage time. 
With each clock pulse, the angular sectoryi is pivoted 

by an angle a as is the group characteristic which is to 
be evaluated. During one cycle period T, in the course 
of which all m transducers Wi are interrogated once, a 
full circle is scanned by the angular sector yi and the 
signal-to-noise ratio of the group signals 9i for all group 
characteristics appears at the output of the circuit ar 
rangement. 
By selecting the storage time of delay element 11, the 

group characteristic to be evaluated within each angu 
lar sector yi can be selected. With a maximum storage 
time of 6/f, the group characteristic at the front limit of 
the associated angular sector yi is always placed into 
relation with the group signals 9i of the five successive 
group characteristics. With a storage time of zero, the 
group characteristic which is located at the rear limit of 
the angular sector yi is always placed into relation with 
the noise background within the angular sector yi. 

Reverting to FIG. 1, the ratio forming unit 12 is par 
ticularly simple from the circuitry point of view in that 
it consists of two logarithm function stages 121 and 122, 
each of which follows a respective one of the delay 
element 11 and the integrating circuit 10, and a differ 
ence forming unit 12 connected to the outputs of stages 
121 and 122. The logarithm of the resulting ratio can 
then be taken off at the output of the ratio forming unit 
12. 
FIG. 3 shows an additional exemplary embodiment 

of the processing circuit arrangement 30. The group 
signals 9i are stored in the memory circuit 101 at the 
clock frequency f. The memory circuit 101 comprises, 
for example, A = 6 memory locations. The outputs of all 
six memory locations are connected with the calculat 
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ing stage 102 whose output is connected to one input of 
the ratio forming unit 12. The memory circuit 101 and 
the calculating stage 102 form the integrating circuit 10. 
The delay element 11 is implemented, in this exempli 
fied embodiment, by a group 112 of the memory loca 
tions of circuit 101. The number in Group 112 amounts, 
preferably, to A/2 = 3. These 3 memory locations ex 
tend from the input of the memory circuit 101 to the 
output of the memory location A/2 and form the delay 
element corresponding to element 11 of FIG. 1. The 
output of the memory location A/2 is connected to a 
second input of the ratio forming unit 12. A group signal 
9i passes through the three storage cells always within 
the storage time A/2 f=6/2 ft and comes out at the 
output of the memory location cell A/2. The calculat 
ing stage 102 forms the mean value of the A=6 values 
of the group signal 9i which are then in the memory 
circuit 101. 
With the read-in of each new value in the first mem 

ory location and shifting of previously read-in signals to 
adjacent locations, each value is pushed on by one mem 
ory location. The next group signal 9i delayed by the 
time A/2 ft appears at the output of the memory loca 
tion A/2. The pertinent group characteristic is always 
substantially in the center of the angular sector y1 
which is pivoted through angle on a step-by-step basis 
at the clock frequency. 

FIG. 4 shows a block diagram of a third embodiment 
of the processing circuit arrangement 30 with which 
only group signals 9i for a selected angular sector are 
subjected to an evaluation. The integrating circuit 10 
consists here of a memory circuit 103 and a subsequent 
summing and dividing circuit 104. The memory circuit 
103 is designed in such a fashion that the group signals 
9i (i=1,2,..., A) for A groups are taken up by it. In the 
Summing and dividing circuit 104, the A values are 
added from the memory circuit 103 and divided by the 
value A. 
The delay element 11 is built up as a memory circuit 

112 for the storage of A group signals 9i The memory 
circuits 103 and 112 can be controlled, via gates 14 and 
15 connected to their signal inputs, by a counter 16. 
Each gate has two inputs connected to two counter 
state outputs of the counter 16. When the first counter 
state is reached, the gates 14 and 15 are opened and 
when the second counter state is reached, they are 
blocked again. Group signals 9i enter the integrating 
circuit 10 and the delay memory circuit 112 through the 
gates 14 and 15 after the first counter state has been 
reached in the counter 16. The delay element 11 and the 
circuit 112 are connected, on their outputside, with the 
ratio forming unit 12 through further gate circuits 17 
and 18. The gate circuits 17 and 18 are connected to the 
second counter state output of the counter 16 for the 
second counter position and are opened, i.e. enabled, 
after the second counter state has been reached. 
The counter 16 is connected to the clock generator 5 

and counts clock pulses at the exit of the clock pulse 
generator 5. After a one-time interrogation of all trans 
ducers Wi (i= 1.2, . . . , m), the counter 16 is reset to 
zero. The values of the group signals 9i appear at the 
output of the adder 8 in the rhythm of the interrogation 
of the transducers Wilso that the individual directions 
R1, R2, ..., Rim of the group characteristics are interro 
gated in the same rhythm. A direction R1, R2, ... is to 
be assigned to each counter output state. With the ob 
servation of an angular sector y1 which includes the 
directions R1 to R6 according to FIG. 2, only group 
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10 
signals 9i(i=1 ... 6) shall be evaluated within this angu 
lar sectory1 with the processing circuit arrangement 30 
according to FIG. 4. The first counter state corresponds 
then to the direction R1 and the second counter state, 
reached after the counting of A=6 clock pulses, to the 
direction R6. 
The gates 14 and 15 are opened, i.e. enabled, when 

the first counter state is reached so that the group sig 
nals 9i of the group characteristics with the direction R1 
to R6 can be stored. After the termination of A=6 
clock pulses, the gates 14 and 15 are closed, or blocked, 
again. At the latter time, the gate circuits 17 and 18 are 
opened. The mean value of the A=6 group signals 9i is 
formed in the integrating circuit 10 and passed through 
the gate circuit 18 to the ratio forming unit 12. The 
values in the memory circuit 112 forming the delay 
element are read out by a reading pulse generator 113 
which is controlled by the second output state of the 
counter 16 and reach the ratio forming unit 12 through 
the gate circuit 17 in order to provide an output for the 
group signals 9i for the selected. angular sectory1. The 
memory circuits 103 and 112 can also be designed as 
joint shifting storage. With each pulse of the reading 
pulse generator 113 one of the six stored group signals 9i 
appears at the input of the ratio forming unit 12 in order 
to be evaluated. After six pulses all group signals 9i of 
the selected angular sectory1 are read out of the mem 
ory circuit 112 and the next angular sectoryi may be 
chosen. 

FIG. 5 shows a fourth embodiment of the processing 
circuit arrangement 30 where the removal of noise from 
the group signals 9i is effected by a geometric mean 
value formation. The groups signals 9i are supplied to 
the integrating circuit 10 and to the delay element 11 
through a logarithm function amplifier 20 and the out 
puts of circuit 10 and element 11 are applied to a subse 
quent difference stage 124. The logarithm of the group 
signal 9i, relative to the product of the group signals 9i 
(i=1,2,..., A) in the angular sector of which the Ath 
root is extracted by division by the value A, appears at 
the output of the difference stage 124 with each clock 
pulse whereby the location of the pertinent group char 
acteristic within the angular sector is determined by the 
storage time set in the delay element 11. The integrator 
10 has the same structure as shown in FIG. 1. 

It will be understood that the above description of the 
present invention is susceptible to various modifica 
tions, changes and adaptations, and the same are in 
tended to be comprehended within the meaning and 
range of equivalents of the appended claims. 
What is claimed is: 
1. In a circuit arrangement for forming a succession 

of group signals in the ranging art for a momentarily 
effective characteristic of a group of adjacent group 
characteristics obtained from received signals originat 
ing from a number n of adjacently aligned transducers 
from a larger plurality of m transducers in a signal re 
ceiving system, the group signals being formed by var 
ied, quantized time delays determined by the geometric 
arrangement of the plurality of m transducers in the 
signal receiving system and by the propagation speed of 
impinging signals in the transmission medium, the cir 
cuit arrangement including: 
input circuit means coupled to the plurality of m trans 

ducers for the repeated, consecutive interrogation of 
each individual transducer in succession to derive 
correspondingly successive received signal values, 
the input circuit means having a single output for 
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providing representations of the received signal val 
ues in the order in which they are derived; 

memory circuit means having one read-in point coupled 
to the single output of the input circuit means, the 
memory circuit means being provided with a plural 
ity of memory locations which are sequentially re 
moved from the read-in point and each of which is 
capable of storing one received signal value represen 
tation, the number of memory locations being at least 
determined by the maximum time delay which must 
be imparted to the first interrogated received signal 
value, for storing each signal value representation 
appearing at the output of the input circuit means in 
succession so that each such representation, after 
read-in to the memory circuit means, consecutively 
occupies in steps the memory locations which are 
further removed from the read-in point; 

output circuit means coupled to the memory circuit 
means for the non-destructive read-out of stored rep 
resentations of interrogated signal values which were 
received from a number n of adjacent transducers, 
from those of the memory locations which corre 
spond to required time delays with respect to the 
read-in point; and 

adding circuit means coupled to the output circuit 
means and responsive to signals therefrom, and hav 
ing an output at which appears successive group 
signals for a corresponding succession of adjacent 
group characteristics, the improvement wherein said 
circuit arrangement further comprises: 

integrating circuit means connected to the output of 
said adding circuit means for forming a representa 
tion of the mean value of a predetermined number of 
successive group signals; 

time delay means connected to the output of said adding 
circuit means for delaying each group signal appear 
ing at said adding circuit means output by a selected 
time which is no greater than the time interval over 
which the predetermined number of successive group 
signals appear at said adding circuit means output; 
and 

ratio forming means having inputs connected to receive 
each representation formed by said integrating circuit 
means and each delayed signal from said time delay 
means and having an output at which appears a repre 
sentation of the signal to noise ratio of each succes 
sive group signal appearing at the output of said add 
ing circuit means. 
2. An arrangement as defined in claim 1 wherein said 

time delay means comprise a further memory circuit 
device. 

3. An arrangement as defined in claim 1 wherein said 
integrating circuit means comprise a memory circuit 
device having a plurality of memory locations for stor 
ing representations of the values of the predetermined 
number of successive group signals, and calculating 
means connected to said locations of said memory cir 
cuit device for forming a representation of the sum of 
the representations stored in said memory locations 
divided by the predetermined number. 

4. An arrangement as defined in claim 3 further com 
prising a clock pulse generator for generating clock 
pulses at a repetition rate equal to the rate at which 
successive group signals appear at said adding circuit 
means output, and wherein said memory circuit device 
is operated in a manner such that a representation of the 
value of each successive group signal appearing at said 
adding circuit means output is read in to said memory 
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12 
circuit device while that one of the previously stored 
representations which had been stored in said memory 
circuit device the longest is removed therefrom, and 
said delay means comprise a further memory circuit 
device having a plurality of successively connected 
memory locations and connected to said clock pulse 
generator for causing each group signal appearing at 
said adding means output to shift from one location to 
the next at the clock pulse repetition rate, whereby the 
selected delay time provided by said time delay means is 
determined by the total number of memory locations of 
said further memory circuit and the clock pulse repeti 
tion rate. 

5. A system as defined in claim 3 further comprising 
a clock pulse generator for generating clock pulses at a 
repetition rate equal to the rate at which successive 
group signals appear at said adding circuit means output 
and connected for reading such group signal representa 
tions from said adding means output to a first one of said 
memory locations of said memory circuit device and 
shifting such representations between succeeding mem 
ory locations at the clock pulse repetition rate, and 
wherein a selected group of adjacent memory locations 
of said memory circuit device, starting with the first one 
of said locations, constitute said time delay means. 

6. An arrangement as defined in claim 3 further com 
prising: a clock pulse generator for generating clock 
pulses at a repetition rate equal to the rate at which 
successive group signals appear at said adding circuit 
means output; a counter connected to count the clock 
pulses, starting from a reference moment, and having a 
first output producing a first count signal after counting 
a first given number of clock pulses starting from the 
reference moment, and a second output producing a 
second count signal after counting a second given num 
ber of clock pulses, equal to the predetermined number 
of successive group signals, following production of the 
first count signals; input gate means connected between 
said adding circuit means output and said integrating 
circuit means and time delay means, and connected to 
said counter, for supplying the successive group signals 
appearing at said adding circuit means output to said 
integrating circuit means and said time delay means 
only during the time between a first count signal and the 
next succeeding second count signal; and output gate 
means connected between said integrating circuit means 
and time delay means and said ratio forming means, and 
connected to said counter second output, for transfer 
ring the mean value representation formed by said inte 
grating circuit means and the group signals after delay 
by said time delay means to said ratio forming means at 
the moment of appearance of a second count signal; and 
wherein said time delay means comprise a further mem 
ory circuit device. 

7. An arrangement as defined in claim 6 wherein the 
time delay produced by said time delay means is equal 
to the time interval over which the predetermined num 
ber of successive group signals appear at said adding 
means output. 

8. An arrangement as defined in claim 7 wherein said 
further memory circuit device has a plurality of mem 
ory locations for storing representations of the values of 
the predetermined number of successive group signals, 
and each said memory circuit is connected to said clock 
pulse generator to cause each stored representation to 
be shifted from one memory location to the next in 
response to each clock pulse. 
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9. An arrangement as defined in claim 1 wherein said 
ratio forming means comprise: a first logarithm function 
member connected to receive each mean value repre 
sentation formed by said integrating circuit means; a 
second logarithm function member connected to re 
ceive each group signal after delay by said time delay 
means; and a difference forming member having two 
inputs each connected to a respective logarithm func 
tion member for receiving, at respective inputs, a repre 
sentation of the logarithm of each mean value represen 
tation received by said first logarithm function member 
and a representation of the logarithm of the value of 
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14 
each group signal received by said second logarithm 
function member. 

10. An arrangement as defined in claim 1 further 
comprising a logarithm function member connected to 
said adding circuit means output for forming a represen 
tation of the logarithm of the value of each successive 
group signal, and further connected to supply each 
logarithm representation which it forms to said integrat 
ing circuit means and said time delay means, and 
wherein said ratio forming means is constituted by a 
difference forming member. 

is is a 


